SUPPLEMENTARY NOTES

Supplementary Note 1. Origin of the trapped resonances
In this section, we briefly describe the physical mechanism leading to the formation of trapped resonances in the metatamterial shown in Figure 1a . 
Supplementary Note 2. Computation of the transmission matrix, T
The pressure field p in the metamaterial is the solution to the following problem (time dependence e −ωt is omitted):
where k = ω/c 0 is the wavenumber, Ω is the air volume inside the metamaterial, ∂Ω represent perfectly rigid boundaries and ∂ n denotes the normal derivative with respect to the boundaries.
The pressure field is developed on the basis of eigenmodes of the corresponding transverse section as 
in the narrow section and
in the wide section, where δ is the Kroneker symbol.
The scattering matrix of each element (straight segments and discontinuities) is given by
where i = 1, 2, . . . , I, with I = 13 the number of scattering elements, R i and T i are the reflection and transmission matrices for right-going incident waves, and R i and T i are the reflection and transmission matrices for left-going incident waves.
The scattering matrices of the straight segments (i = odd) are given by
where E is a diagonal matrix containing the terms e β (m,n) Ls , with L s the length of the segment, and [0] is the zero matrix. The scattering matrices of the discontinuities (i = even) are calculated from the continuity equations of pressure and normal velocity, given by
where superscripts (l) and (r) indicate quantities on the left and on the right of the discontinuity, respectively. Inserting Equation (2) into Equations (7) it is possible to obtain the scattering matrix for a sudden expansion as
and the scattering matrix for a sudden narrowing as
with
where I is the identity matrix, F is the matching matrix, containing the inner product between the modal basis, φ (l,k) dydz, Y is a diagonal matrix containing the admittance terms β (m,n) , and t F is the transpose of F.
